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ABSTRACT

The Nomenclature Committee has given particular attention to genetic
polymorphism in the proteins of eow’s milk, and has adopted a nomenclature
seheme which embraces genetic designations. The B-lactoglobulins are to be
_referred to as B-lactoglobulins A, B, and C. Three genetic forms of pB-casein
have been reported to oceur either singly or in pairs in the milk of individual
cows, and are appropriately referred to as B-caseins A, B, and C. The term
asi-casein has been recommended and refers to those components of the a-casein
complex that are precipitated by calcium and stabilized by x-casein agamst
precipitation by ealeium. They constitute the major proportion of the a,-caseins,
and have been reported to exist in three genetic forms, A, B, and C. The genetic
‘forms of a.- and B-easeins can be conveniently 1dent1ﬁed by their relative

mobilities by zonal electrophoresis.

The nomenclature of the proteins of cow’s
milk, and particularly of the casein components
it contains, has been in a transient state in
which the application of specific terminology
has become more and more difficult. Since the
1960 report of this Committee (12) numerous
developments, especially in the casein field,
have increased the eonfusion in nomenclature.
The discovery of genetic variants in a.- (34, 67,
68) and B-caseins (1, 2) may, however, serve to
clarify and simplify the complex situation.

The need for clarity in the nomenclature of
milk proteins has prompted the Committee to
present this second revision in which it dis-
cusses (a) new discoveries concerning genetie
polymorphism of milk protems and (b) eom-
parative evaluations of casein components given
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different designations by their authors, but
which are possibly identical. The Committee
proposes a nomenclature system to allow for
the inclusion of further components of casein
and other proteins which may yet be isolated
and characterized. )

Certain conclusions have been reached by
this Committee: (1) New techniques and im-
proved versions of established methods, such as
zonal electrophoresis techniques, are of con-
siderable value in determining the purity and
genetie heterogenelty of milk proteins. Con-
trary to moving boundary electrophoresis meth-
ods they are suitable, for example, for study-
ing the heterogeneity of the a-casein eomplex
(2) The discovery of additional genetle vari-
ants of whey proteins and caseins is likely.
Classification of such new variants should eon-
form with the established scheme of designa-



tion of genetic variants, e.g., B-lactoglobulins
A and B. (3) The nomenclature of newly iso-
lated components should continue to be left to
the diseretion of individual researchers, pro-
viding that the ecomponents differ in fact and
not only in purity, from previously reported
eomponents.

Whey proteins and some minor proteins.
Since the 1960 report little additional informa-
tion affecting the nomenclature has been forth-
coming on the whey proteins. The exception
has been the discovery of B-lactoglobulin C by
Bell (8). The genetics of B-lactoglobulins A
and B (locus symbols Lg* and Lg®) had been
reported by Aschaffenburg and Drewry (5).
By zonal electrophoresis at alkaline pH’s, 8-
lactoglobulin C (locus symbol Lg®) migrates
slower than 8-B. Thus, the correct terminology
for these proteins on a genetic basis is B-lacto-
globulins A, B, and C. Bell has stated that all
three genetic forms of pB-lactoglobulin could
occur together in the milk of an individual
cow, but has retracted this statement (8a).
Kalan et al. (33) have recently reported the
amino acid composition of B-C as was pre-
viously reported on B-A and B-B (18, 51).
Calculated from a molecular weight of 36,000,
the following residue differences are observed
among @-lactoglobulins A, B, and C, respec-
tively: ASP—32, 30, 30; GLU—50, 50, 48;
GLY—6, 8, 8; ALA—28, 30, 30; VAL—20, 18,
18, and HIS—4, 4, 6. The discovery of addi-
tional genetic variants of B-lactoglobulins should
be allowed for.

a-Lactalbumin, the protein of second greatest
coneentration in whey, has been found to exist
in the form of two genetic variants, A and B,
in the milks of Zebu eattle (3, 9, 11). There
is no variation from the B-form in the milk
of Western breeds. The locus symbols «-La*
and o-La® have been assigned to these proteins,
of which to date only the B-variant has been
characterized in any detail. Table 1 summar-
izes some of the properties of the more thor-
oughly characterized proteins of whey.

It is not within the secope of this Committee’s
responsibility to deal with all the enzymes and
minor proteins found in cow’s milk. More re-
cent discoveries of milk proteins, however, seem
desirable to include in this report. The en-
zyme ribonuclease has been found in cow’s
milk in a concentration of approximately 32
mgy/liter (10). The enzyme may be prepared
conveniently by chromatography of whey on
IRC-50 in the ammonium form. Gordon et al.
(18a) and Groves (21) have reported the puri-
fication of a red protein and of a new erys-
talline protein, which they have named lactollin,

from cow’s milk. Both proteins, characterized
by electrophoresis and amino acid composition,
are basic proteins. The red protein may be
distinguished from laetollin by its higher carbo-
hydrate content. Lactollin, unlike the red pro-
tein, does not bind iron.

The first report of the Committee (31)
called attention to the fact that the proteose-
peptone fraction has not been satisfactorily
resolved. Jenness (29, 30) has reported the
isolation and properties of Milk Component 5,
which is believed to represent part of the pro-
teose-peptone fraction of Rowland (56), (see
also 24, 25) and to be similar to the sigma-
proteose fraction of Aschaffenburg and Ogston
(6). Brunner and Thompson (13), after com-
paring several of the above fractions, con-
cluded that chemical and physical similarities
existed among them. The differences among
these fractions are probably a reflection of the
method of preparation. Because Milk Com-
ponent 5 is a phosphoprotein, some question
exists as to its classification—a ecasein or a
whey protein? Until this protein is adequately
characterized, the Committee reserves judg-
ment regarding the acceptability of the term
proteose-peptone, but continues to include the
term in the nomenclature (Table 1).

Caseins. (See Glossary of Terms for defini-
tions of casein components or fractions, or
both). B-Casein. This protein, seecond only in
concentration to a-casein in cow’s milk, has
been the object of comparatively little research,
though it is one of the most remarkable of the
casein fractions. We define a B-casein as that
fraction of casein soluble in 3.3 m urea, but
insoluble in 1.7 M urea at pH 4.6 (27). Fur-
thermore, it is that casein which undergoes
temperature dependent molecular association.
At 4 C B-casein is monomerie, at 8.5 C concen-
tration-dependent aggregation is observed (50,
59, 75) and at 20 C it is completely polymerie.
B-Casein is insensitive to caleium ions at low
temperature, but is aggregated by them at 35 C.
Three principal methods for its isolation have
been reported (4, 27, 77). Further purification
can be accomplished by DEAE-cellulose chro-
matography in the presence of urea (16, 70)
by the method of Ribadeau-Dumas (53).

Recent physical investigations by Payens and
Van Markwijk (50), as well as those by Niel-
sen and Lillevik (48), have given a molecular
weight of the order of 25,000 for B-casein.
The genetic variant upon which these studies
were performed was not defined, but was pre-
sumably B-A. Zittle and Walter (83) have
shown that B-casein, like a,-, enters into micelle
formation with k-casein in the presence of ecal-
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sium. The role of B-casein(s) in the formation
»f native casein micelles needs further study.
~Aschaffenburg (1, 2) has contributed sig-
aificantly to an understanding of the genetic
aeterogeneity of B-casein. By paper electro-
phoresis, 6.0 M urea, pH 7.15, he showed that
individual cows produced three forms either
singly (A, B, or C) or in pairs (AB, AC, or
BC). He assigned the loeus symbol, B-Cn, to
these caseins. Thompson et al. (66) have eon-
firmed these findings. The studies (Table 2)

TABLE 2

Breed differences in the production of as- and
B-casein variants

as1-Casein B-Casein
Breed (34) (2, 66)

Holstein . A,B,C A,B
Guernsey ) B,C A,B,C
Jersey B,C A,B
Brown Swiss B,C A,B,C
Ayrshire B A
Shorthorn * B A

2 Aschaffenburg, personal communication.

show that the oceurrence of the genetic forms
of B-casein is breed-specific, and that the gene
frequencies of B-A, B, and C differ widely
among breeds. Some chemical differences among
the three genetic variants are presented in
Table 3. Present studies concerning end group
analyses, amino acid differences, and physical
behavior will provide additional eriteria for
future identification of these proteins. At the
present, however, this Committee feels that
the variants can be correctly identified by
appropriate electrophoretic techniques such as
starch-gel electrophoresis (SGE), polyacryl-
amide-gel electrophoresis (PAE), or paper
electrophoresis. Assignment of relative mobil-
ities in either starch-gel or polyacrylamide-gel
is especially useful in identifying the B-caseins.
A summary of the relative mobilities of B-ca-
seins in such gels is given in Table 5. The

Committee regards the nomenclature of B-ca-
seins -in terms of genetic variants as appro-
priate. Therefore, the B-caseins are termed
B-casein A, B-casein B, and B-casein C. For
more precise identification the relative mobil-
ities should be quoted, e.g., B-casein A (0.80).
by SGE, or B-casein A (0.65) by PAE. This
system is sufficiently flexible to allow for the
inclusion of additional B-casein variants differ-
ing in net negative charge. For example, a
new variant found to migrate between A and

‘B on SGE with a relative mobility of 0.78

would be termed B-casein D (0.78).

a-Casein complex. The calcium-sensitive a-
caseins. The calcium-sensitive fraction of the
a-casein complex is one of the most difficult
fractions of the casein complex to define.
Waugh (78) termed this fraction a,-casein and
later referred to it as a.,» (79). Caleium-sen-
sitive a-casein has also been termed a- (45),
az- (41), and a-caseins 1.07 and 1.10 (57).
The properties and comparisons of some of
these proteins have been previously reviewed
by Brunner et al. (12), Lindqvist (40), and
Thompson and Kiddy (65). They will not be
discussed in great detail in this text, but a
summary of some of their properties appears
in Table 4. A major breakthrough in studying
the heterogeneity of the a-casein complex oc-
curred in 1962, when Thompson et al. (67, 68)
reported the discovery of three genetic forms
of a,-casein, which differed only slightly in
their mobility on SGE. These caseins, which
oceur singly (A, B, or C) or in pairs (AB,
AC, or BC), are produced in a straightforward
Mendelian manner, and parallel B-casein in
this respeet. Kiddy et al. (34), in keeping with
the proposal of Aschaffenburg (1), have as-
cribed the locus symbol, a,-Cn, to these caseins.
The occurrence of the three forms of a,-casein,
like that of the B-casein (Table 2), has been
found to vary from breed to breed, Ayrshires,
for example, producing only the B form.
Thompson and Pepper (69) and Thompson
and Kiddy (65) have isolated and character-

TABLE 3
Some properties of B-casein fractions
Reference to ) 1 em®
Fraction preparation Nitrogen Phosphorus P/N ratio 1%
——(%)

B-A (70) 15.18 0.59 0.0389 4.6
8-B (70) 15.33 0.57 0.0372 4.7
B-C (70) 15.45 0.50 (0.52)* 0.0324 4.5
B-Casein (27) 15.47 0.64 0.0414 .
B-Casein (23) 15.35 0.48 0.0313

® Sample supplied by R. Aschaffenburg.
»-280 mu wavelength.



TABLE 4
Some properties of reported components of the eomplex a-casein

Ref. to End groups
prepara- Nitro- Phos- 1em ——————  Molecular
a-Casein tion gen phorus Sw 1% pI C N weight
Ca-sensitive components (%)
as1-A casein (65) 1510 1.01 ... 10.10 ... Try Arg ~30,000°
as1-B easein (65) 15.34¢ 1.01 ... 10.05 ... Try Arg ~30,000°
as1-C casein (65) 1540 1.01 ... 10.03 ... Try Arg ~30,000°
as (82) 1510 1,01 ... 1020 44 ... ... .
a-Caseins (1.07
and 1.10) (57) 14.00 112 1.64® ... ... ... Arg 16,500
as1, 2-Casein (79) 1470 1.03 10.1 Try- ... 27,500
leu-tyr
ar-Casein (41) ... 1.18 4.55* ... e e e,
a;-Casein (45) 1410 0.85 3.00* ... 4.3-4.7 ... ...
Ca-insensitive components
x-Casein (80) ... 0.19  1.40® ... e e 16,300
13.50% ... e e e e
k-Casein (44) ... ... 13.60% ... e e el
k-Casein (60) 13.5 0.35 12.90* ... 3.8-42 ... ... ~24,000 (60)
60,000 (61)
k-Casein (82) 154 0.30 ... 12.2 3.7
as-Casein (28) 14.6 0.35 23.10* 15.6 50 ... L
A-Casein (41) ... 1.18 110 ... e e e e
mu-Casein (78) i e s e,

* Denotes characteristics of associated form.
® Denotes characteristics of monomer form.
¢ Minimum molecular weights deduced from

amino acid analyses (17) and end group

analyses (32).

TABLE 5

Relative mobilities of asi- and B-casein variants by
starch-gel and polyacrylamide-gel electrophoresis

Variant SGE (65) PAE (70)
agi-A 1.18 1.22
as1-B 1.10 1.13-1.14
as1-C 1.07 1.10
?) 1.04 ~1.03
Reference zone * 1.00 1.00

0.86 ~0.72
B-A 0.80 0.65
B-B 0.76 0.61
B-C 0.70 0.54

* Using the zone reference system of Wake and
Baldwin (76).

ized the three forms of a,-casein and compared
them with previously reported calecium-sensitive
a-casein preparations (Table 4).

A nomenclature scheme which will embrace
all of these reported calcium-sensitive a-caseins,
and one which will inelude newly isolated com-
ponents, is difficult to formulate. In deliberat-
ing this question, the Committee considered
the following: (a) Many of the reported a-ca-
sein fractions appear to be identical except
for purity. Manson (42), Sehmidt and Payens
(57), and Kalan et al. (32) showed, for ex-
ample, that their respective calcium-sensitive
a-casein preparations contained N-terminal
arginine. (b) An operational definition for

caleium-sensitive a-caseins, such as the one pro-
posed by Waugh et al. (79), and the one which
appears satisfactory for B-caseins, seems de-'
sirable. That a,-caseins are sensitive to calcium
ions and are stabilized by «-casein against
precipitation with caleium has been well estab-
lished (65, 82). However, the formation of
stoichiometric complexes (3:1 weight ratio) of
as:k is in doubt (16a). A more satisfactory
operational definition must await more conclu-
sive research. (¢) In addition to the eompo-
nents mentioned above, several other a,-like
caseins exist (79), e.g., Wake and Baldwin’s
(76) zones 1.04 and 1.00 which are stabilized by
k-casein against precipitation with caleium. The
nomenclature must include these components.
(d) SGE, as described by Wake and Baldwin
(76) and PAE (65), are discriminating
methods for identification of casein com-
ponents by their relative electrophoretic mo-
bility. (e) The term a, is descriptive and sue-
cinet in defining that fraction of a-casein pre-
cipitated by calcium ions at 0-4 C, and which
is stabilized by «x-casein in the presence of these
ions.

This Committee recommends that in the fu-
ture the genetic variants (A, B, and C) of the
principal a.-casein fraction be referred to as
as-A, a,-B, and aux-C. A statement of the
relative electrophoretic mobility value for each



variant (Table 5) should accompany the ge-
netic designations for purposes of identification.

ag-A (1.18)
as-B (1.10)
as-C (1.07)

Such a system is sufficiently flexible to allow
for the discovery of additional genetic variants,
e.g., a variant of the ay-series may be discov-
ered with a relative mobility of 1.14. It would
be termed a,-D (1.14). The naming of other
as-like caseins would be preseribed in (a)
chronological order of characterization and (b)
relative mobility on SGE or PAE. Zones 1.04
and 1.00 might be termed a,, (1.04) and ass
(1.00), respectively. To date, no genetic vari-
ants of these components have been observed.
Figure 1 demonstrates the naming of casein
by relative position on starch-gel electropho-
resis (7.0 M urea) aceording to the method of
Wake and Baldwin (76). Although a consid-
erable amount of information is available eon-
cerning the a.-caseins, more particular infor-
mation, such as detailed amino acid composi-
tion (17, 62, 71) and physical properties of
the components, is needed. :

Calcium-insensitive caseins. In 1956 Waugh
and von Hippel (80) reported the isolation of
a calcium-soluble casein eapable of stabilizing
a.-casein against precipitation with calcium.
This low phosphorus-containing ecasein was
termed x-casein and has since been the object
of much research. k-Casein is attacked by

Fic. 1. Starch-gel electrophoresis patterns show-
ing a portion of the zone-numbering system of
Wake and Baldwin (76). Pattern 1 is aa-B,
typed whole casein; 2, e¢s-AB; au-A.

rennin in the primary reaction; an insoluble
disulfide-containing fraction (para-x-casein)
and a soluble carbohydrate-containing fraction
(glyeo-macropeptide) are released. At pH 7.0,
T'/2 = 0.20, in the ultracentrifuge «x-casein sedi-
ments as a polymer (Ss, ~13 of unknown num-
ber of monomers) whereas at pH 12.0 the
monomeric species is observed. According to
Swaisgood and Brunner (61) x-casein consists
of a basic unit of ~60,000 molecular weight.
Following reduction of disulfide bonds, they
observed a molecular weight (Z-average) of
about 20,000 and thereby concluded that «-ca-
sein consists of two or more polypeptide chains
which are crosslinked by disulfide.

Numerous methods for the preparation of
k-casein have been suggested (26, 44, 60, 80,
82). Most of them make use of the solubility
of k-casein in dilute CaCl, (44). Novel fraec-
tionation methods involving the solubility of
k-casein in 6.6 M urea and strong acids, 12%
TCA (60), or H,SO, (82) have been deseribed.
DEAE-cellulose column chromatography has
been employed in the purification of «-casein
(565). The k-casein preparations isolated by
the various methods have been found to vary
in elemental composition (Table 4) and in
physical behavior. They have also been found
to vary in sialic acid content (43). These dis-
crepancies are explicable on the basis of vari-
ations in purity or method of preparation, or
both.

Electrophoresis of «-casein on starch-gel, in
7.0 M urea, normally yields a smeared, poorly
defined zone of migration. Neelin (47) ob-
served that reduction of the disulfide bonds of
k-casein resulted in formation of definite zones,
moving more slowly than B-casein. Examina-
tion of the milks of individual cows demon-
strated differences in the «-casein fraction,
which was evidence of genetic heterogeneity.
Woychik (81), using polyacrylamide-gel elee-
trophoresis, observed almost identical phenom-
ena. These preliminary results suggest that
k-casein, like a.- and B-caseins, is genetically
variable. If established, the Committee recom-
mends that the genetic variants of k-casein be
termed: k-A, k-B, «-C, ete., in order of decreas-
ing electrophoretic mobility, a proposal econ-
sistent with the genetic designation of ay,- and
B-caseins. .

In addition to k-casein, other so far ill-de-
fined components are found in the ealcium-
soluble a-complex. These fractions of high
phosphorus content (1.2%) have been termed
A (41) and m-caseins (78). Until better char-
acterized, the Committee has no recommenda-
tions to propose regarding their nomenclature.



Concluding remarks. This Committee has
given particular attention to recent diseover-
ies concerning genetic variations of milk pro-
teins. These discoveries have been particularly
valuable in establishing a more adequate no-
menclature system.: The usefulness of this sys-
tem will depend on the ease with which various
laboratories can apply established methods,
such as starch-gel and polyacrylamide-gel elec-
trophoresis in detecting genetic heterogeneity
in the caseins. To observe the ease with which
this could be accomplished, Thompson (63a)
supplied the six phenotypes each of a.- and
B-caseins to six laboratories. Eight unknown
casein samples were also supplied, and the lab-
oratories requested to type a.- and B-caseins
by their own preferred zonal electrophoresis
methods. With the exception of one phenotype,
all of the laboratories identified the samples
correctly. These results serve as a confidence
factor to the nomenclature scheme.

The deliberations of this Committee regard-
ing the inclusion of genetic terminology in the
nomenclature have been concerned with pro-
teins which differ in electrophoretic mobility.
However, genetic variants may be found in the
future in which neutral amino acids have been
substituted within the polypeptide chain or
where subtle differences in amino aeid ecompo-
sition are not revealed by present electropho-
retic techniques. As methodology progresses,
subsequent Committees may be faced with the
task of indiecating genetic differences in milk
protein molecules by citing specifiec amino acid
additions, deletions or substitutions. Clearly,
the nomenclature now proposed would require
modification.
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GLOSSARY OF TERMS FOR THE CASEINS

Whole casein. A heterogeneous group of phospho-
proteins precipitated from skimmilk at pH
4.6 and 20 C.

a-Casein complex. A fraction of whole casein con-
taining as-, -, and \-caseins, soluble in 6.6 M
urea, but insoluble in 4.6 M urea (27).

as-Caseins. A fraction of the a-casein complex
insoluble in 0.40 M CaCl: at pH 7.0 and 0-4 C.
This fraction includes the genetically variable
as-caseing and other as-like caseins. as-Caseins

are stabilized ‘by x-casein against precipita-
tion with calcium.

as1-Caseins. These components are stabilized by
k-casein against preeipitation with ecaleium,
and constitute the greater portion of the total
as-casein fraction. Three genetic forms (A,
B, and C) of these caseins have been observed
in the milks of individual cows.

as-like caseins. These caseins include those eal-
cium-sensitive components of the a-casein
complex, other than as-A, B, and C, which
are stabilized by x-casein against precipita-
tion with calcium ions. These caseins are not
adequately characterized.

B-Casein. A fraction of whole casein soluble in

4.6 M urea but insoluble in 3.3 M urea at

pH 4.6. B-Caseins are precipitated with cal-
cium at 35 C, but not at 4 C, and possess ultra-
centrifugal association-dissociation properties
which are pronounced at 8.5 C. Three genet-
ically variable forms (A, B, and C) have been
observed in milk of individual cows.

k-Casein. A fraction of the a-casein complex sol-
uble in 0.40 M CaCl: at pH 7.0 and 0-4C.
This phospho-glyco-protein is eapable of sta-
bilizing as-caseins against precipitation with
calcium, and appears highly aggregated
(S ~13) in the ultracentrifuge at pH 7.0
and I'/2 = 0.20. «-Casein is the principal casein
affected by rennin in the primary phase of
rennin action; insoluble para-x-casein and sol-
uble glyco-macropeptide are formed.

A-Casein. An ill-defined fraetion of the a-casein
complex soluble in 0.40 M calcium at pH 7.0
and 0-4 C. This heterogeneous high phosphorus
(1.2%) fraction does not stabilize as-caseins
against precipitation with calcium. Its low
Sz (~1) in the ultracentrifuge at pH 7.0
and T'/2 = 0.20 suggests it to be in the mono-
meric form.

v-Casein. A fraction of whole casein soluble in
3.3 M urea but insoiuble in 1.7 M urea at
pH 4.7 upon the addition of (NH4)2SO..
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